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Abstract: 

Mastitis is economically the most important disease and the second most important welfare issue after 
lameness in dairy production worldwide. Mastitis diagnosis consists of recognizing the causative 
pathogen and simultaneous changes in milk parameters, such as somatic cell count. Currently, 27 % of 
Finnish farms use automatic milking system (AMS) and more than 50 % of all milk is harvested by a 
milking robot. Large amounts of data are available from AMS, and they can be used to recognize and 
control mastitis on farms. The aim of this work was to study how different AMS data patterns describe 
mammary gland infection, and how they can be used in mastitis diagnosis.  

The most conventional parameter for diagnosing mastitis is somatic cell count (SCC) which describes the 
number of somatic cells per milliliter of milk. During mastitis, SCC increases, but a significant day-to-day 
variation is characteristic. SCC is measured in official Dairy Herd Improvement (DHI) programs, and SCC is 
also counted by sensors in AMS. The most common in-line measured parameter at AMS is electrical 
conductivity (EC). EC is measured quarter-specifically which makes it good for comparison among 
different quarters but there are some uncertainties associated with EC. In addition, L-lactate 
dehydrogenase (LDH) is an enzyme that indicates infection in different tissues and is also detectable with 
a sensor in some AMS. It’s less mastitis-specific than SCC, but because it has less daily variation, combined 
with SCC it’s currently an interesting tool for recognizing mastitis in AMS. 

Descriptive study was conducted using AMS data from 24 cows over 7 months from a Canadian research 
herd. The data were fragmented and only a few mastitis cases were included. However, the results 
describe the characteristics of different AMS parameters. Results showed that LDH is high especially in 1st 
lactation cows until 35 days after calving. As expected, LDH of mastitic cows was substantially higher 
compared to cows that were healthy or had non-udder illness. Interestingly, the daily variation of LDH in 
individual cows appears to be greater than expected. 
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Tiivistelmä: 

Utaretulehdus on taloudellisesti merkittävin sairaus sekä ontumisen jälkeen toiseksi merkittävin 
hyvinvointiongelma lypsykarjataloudessa maailmanlaajuisesti. Utaretulehduksen diagnoosiin kuuluu 
aiheuttajapatogeenin tunnistaminen maidosta yhdistettynä samanaikaisiin muutoksiin muissa maidon 
parametreissä, kuten soluluvussa. Viimeisimmän raportin mukaan automaattilypsyyn (AMS) kuuluvien 
tilojen osuus Suomessa on jo 27 %, ja arviolta yli 50 % maidosta lypsetään lypsyrobotilla. Lypsyrobotilta 
saadaan runsaasti dataa, jota voidaan käyttää utaretulehduksen tunnistamiseen ja hallintaan tiloilla. 
Tämän työn tarkoituksena oli tutkia, miten eri maidosta saatavat parametrit kuvaavat utaretulehdusta ja 
miten niitä voitaisiin käyttää utaretulehduksen diagnosoimiseksi. 

Perinteisin utaretulehduksen tunnistamiseen hyödynnettävä parametri on soluluku, joka kertoo 
somaattisten solujen lukumäärän millilitrassa maitoa. Somaattisten solujen lukumäärä (SCC) 
utarekudoksessa ja siten maidossa kasvaa utaretulehduksen aikana, mutta lukuun liittyy voimakas 
päivittäinen vaihtelu. SCC mitataan virallisen tuotosseurannan (DHI) yhteydessä, ja automaattilypsyyn on 
kehitetty solulukua mittaavia laitteistoja. Yleisin suoraan lypsyrobotilla mitattava parametri on 
sähkönjohtavuus (EC). EC mitataan neljänneskohtaisesti, mikä tekee siitä hyödyllisen neljännesten 
vertailussa. Kuitenkin myös siihen liittyy epävarmuustekijöitä. Lisäksi uudempana parametrinä 
hyödynnetään L-laktaattidehydrogenaasia (LDH), joka on useiden eri kudosten tulehduksesta kertova 
entsyymi. LDH on solulukua epäluotettavampi varsinaisen utaretulehduksen diagnosoinnissa, mutta 
LDH:n liittyy vähemmän päivittäisvaihtelua, ja siksi sen yhdistäminen solulukuun on kiinnostava työkalu 
utaretulehduksen tunnistamiseksi. 

Kuvailevassa tutkimusosiossa tarkasteltiin 24 lypsylehmän maidon AMS parametrejä 7 kuukauden ajalta 
kanadalaisella tutkimustilalla. Data oli rikkonainen ja utaretulehdustapauksia vähän, mutta tulokset 
kuvaavat hyvin eri parametrien ominaispiirteitä. LDH:n osalta havaittiin, että se on koholla erityisesti 
ensikoilla keskimäärin 35 vuorokauden ajan poikimisesta. Lisäksi todettiin, että utaretulehduslehmien 
LDH oli odotetusti korkeammalla kuin terveillä tai muuten kuin utaresairailla lehmillä. Kuitenkin LDH:n 
päivittäisvaihtelu yksittäisillä lehmillä oli odotettua suurempaa.  
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1 INTRODUCTION 
 

Mastitis has been regarded to be the most expensive disease to dairy production and the 

second-worst dairy cow welfare issue after lameness (NMC 2017). It is estimated that 

annually 20–40 % of all lactating cows experience clinical mastitis (CM), and at any given 

time, 10–30 % of farm’s lactating cows have ongoing subclinical mastitis (SCM) (Hogeveen 

et al. 2019). The term mastitis refers to inflammation of the mammary gland in general, and 

the term intramammary infection (IMI) refers to microbial infection. These terms are often 

used interchangeably, but they are fundamentally different.  

Automatic milking systems (AMS) have become common in dairy production. The latest 

report from the leading dairy processor in Finland shows that 27 % of all Finnish farms use 

AMS, and it is now estimated that more than 50 % of Finnish milk is harvested by a milking 

robot (Manninen and Nyman 2022). A huge amount of data is available from AMS, and 

farmers should be able to use it. With the adoption of AMS, the close interaction between the 

cow and farmer that used to occur during milking has been reduced, and so it is important 

to acknowledge the strengths and limitations of these systems and the precision data 

available from them.  

The IMI diagnosis consists of identification of the causative pathogen and indirect methods 

that measure the inflammatory process in the udder. The most common methods for 

identification of mastitis pathogens are bacteriological culture and polymerase chain 

reaction (PCR) (Hiitiö 2018). The most common indirect methods are somatic cell count 

(SCC), electrical conductivity (EC), milk enzyme L-lactate dehydrogenase (LDH), and 

reduction of milk yield (Rajala-Schultz et al. 1999, Norberg et al. 2004, Chagunda et al. 

2006a, Sharma et al. 2011), many of which are measured by sensors on AMS 

The objective of this work was to study how different AMS sensor data patterns describe 

mammary gland infection, and how they can be used in mastitis diagnosis. It was expected 

that although SCC has remarkable daily variation, mean SCC remains high in mastitis cows. 

It was also expected that enzyme LDH has less daily variation than SCC (Åkerstedt et al. 

2011) and is affected by calving and other inflammation processes in addition to mastitis. EC 

and reduction in milk yield are older methods, that alone are not diagnostic for mastitis but 

were assumed to be useful additions to describe mastitis and should be used in a decision 

model or algorithm.   
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2 LITERATURE REVIEW 
 

2.1 Automatic milking system 
 

The first prototype of milking robot, Lely AstronautTM, was commercially introduced in 

the Netherlands in 1992. Now automatic milking system (AMS), also known as robotic 

milking system, has earned its stable position in dairy production. It has been estimated 

that the number of AMS units in the world has already grown to around 38 000 

(Sandgren and Emanuelson 2017). Most of the AMS units are located in Western Europe 

and North America (Penry 2018). On AMS farms, cows visit the milking robot 

independently around the clock. In addition to milking, cows receive an energy dense 

grain mix at the robot, which encourages them to visit the milking robot. However, this 

mix only covers minority of the cow nutrition as balance of their ration is provided at 

the feed bunk.   

It goes without saying that the invention of AMS has been revolutionary for the dairy 

industry. AMS has changed farmers’ work to more managerial and less physical than 

before, and it also provides great opportunities, such as biological applications for 

measuring the quality of milk. Milking can also be customized individually for a cow. For 

example, high-yielding cows can be milked multiple times per day, and visits can be 

lengthened if a cow tends to hold up her milk. Hygienic aspect can be considered as a 

disadvantage of AMS because large number of cows are milked in the same machine, and 

it’s common that cows defecate while visiting AMS. Also, because all quarters are milked 

in the same tank, the milk can’t be either separated or tested quarter-specifically. 

However, most AMS measure electrical conductivity quarter-specifically in separate 

pipelines before the milk goes into the tank. 

While daily tasks around milking have become lighter, farmers have also faced new 

challenges along with AMS. Close interaction between the cow and farmer has 

diminished and the robot is responsible for detecting early changes in milk appearance. 

However, changes in cow behavior are still out of the reach of AMS and therefore 

importance of the daily observation of cows must be remembered. As a robotic system, 
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AMS collects a huge amount of data which its users should be able to utilize. One of the 

most important uses for the data collected at AMS is diagnosing mastitis. Farmers must 

be able to identify which cows have mastitis so that they can divert the milk, if it’s not 

suitable for human consumption, and also to be able to treat the right cows. However, 

AMS may also send false alerts, which is likely to reduce farmers’ confidence in these 

systems.  

 

2.2 Mastitis in general  
 

Mastitis is an inflammation of the mammary gland. Term intramammary infection (IMI) 

refers to microbial infection. With the inflammation process, the body aims at 

eliminating the infectious agents and their toxins and allowing the gland to again 

function normally. In addition to infectious agents and their toxins, inflammation can be 

caused by physical trauma or chemical irritants (NMC 2017). The most common reason 

for bovine mastitis is a bacterial invasion in the udder tissue. Bacteria multiply in the 

tissue and produce toxins which causes injury. The most common infection route is from 

the environment through the teat duct, but some bacteria can be transported to the 

udder via lymphatic system and blood (NMC 2017). Open teat duct increases the risk for 

infection, and complete closure of the teat sphincter after milking takes 20–30 minutes 

(Blowey and Edmondson 2010). In conventional milking, cow is milked two times per 

day, but in AMS, the milking frequency is usually increased to 2.5–3.0 per day. This 

increases the time, which the teat end is open per day and may also affect in infection 

risk at AMS farms. 

Depending on the severity of the inflammation, mastitis can be divided into clinical and 

subclinical. In clinical mastitis (CM) visible abnormalities in the milk and/or the udder 

are present, but the diagnosis of subclinical mastitis (SCM) requires diagnostic testing. 

Typical changes in milk include watery appearance, color/odor changes, blood content 

or presence of flakes or clots. The udder is typically asymmetric, and inflamed quarters 

can be abnormally hot, swollen, or sensitive to touch. In severe cases, color changes and 

necrosis of the udder are possible. The most severe forms of CM are peracute, resulting 

in sudden visible abnormalities and even sudden deaths. In addition, mastitis can be 
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divided into acute and chronical based on the duration of the signs. (Blowey and 

Edmondson 2010, NMC 2017)  

Mastitis causing bacteria can be divided into contagious and environmental bacteria. 

The most common contagious mastitis pathogens are Staphylococcus aureus and 

Streptococcus agalactiae that usually spread via contaminated milking equipment and 

bedding (NMC 2017). For environmental bacteria, the most frequently isolated 

pathogens are several species of streptococci, such as Streptococcus uberis and 

Streptococcus dysgalactiae, and Gram-negative bacteria, such as Escherichia coli, 

Klebsiella and Enterobacter species. In general, immunological defense mechanism is 

more effective against environmental bacteria than contagious mastitis pathogens. 

Finnish study showed that 46% of non-aureus staphylococci mastitis cases cured 

spontaneously without antibiotics in 4 weeks (Taponen 2008). However, in addition to 

non-aureus staphylococci, environmental bacteria also include major pathogens such as 

coliforms Escherichia coli and Klebsiella. Up to 10% of coliform mastitis cases require 

intensive therapy and veterinary services. (NMC 2017) 

A Finnish study (Heikkilä et al. 2012) showed that cost of the CM case was 458 € per a 

Holstein-Friesian cow. The cost of CM depended on the lactation stage and varied 

between 112 and 946 € per case (Heikkilä et al. 2012). If premature culling was 

included in the calculation, it increased the costs by up to 30 % (Heikkilä et al. 2012). 

However, at herd level, SCM accounts for most of the cost of mastitis. In Canada, the cost 

of mastitis was calculated to be 662 CAD per cow/year,  of which 48 % was due to SCM, 

34 % due to CM and 15 % due to mastitis preventing actions (Aghamohammadi et al. 

2018). 

In addition to economic aspects, mastitis is considered the second-worst dairy cow 

welfare issue after lameness (NMC 2017). According to Peters et al. (2015) even SCM, 

that is milder than CM, increases cows’ sensitivity to pain and therefore has to be 

considered as welfare issue. On the subject of antimicrobial use, mastitis is the most 

common reason for using antibiotics in dairy cattle. Swedish report (Växa Sverige 2020) 

shows that annually 6 % of cows in milk are treated with systemic antibiotics due to 

mastitis. Systemic antibiotic treatment incidence has decreased almost 50 % in Sweden 

in 19 years (Växa Sverige 2020). However, the report doesn’t cover intramammary 

dosing which is typical especially for dry cow therapy. Antimicrobial resistance is a 
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rising concern in dairy cow field, and a resent Irish study showed that even 3rd 

generation cephalosporins, which the World Health Organization (WHO) has classified 

as critically important antibiotic for human use only, are commonly used as 

intramammary antibiotics for bovine mastitis (Burke and Adley 2021). 

 

2.3 Mastitis diagnosis 
 

According to Dohoo et al. (2011), the optimal criteria for diagnosing mastitis have been 

debated for years and there is no perfect golden standard method. National Mastitis 

Council (2017) states, that mastitis diagnosis should be performed by monitoring the 

inflammatory condition or isolating the mastitis pathogen. Ideally, both inflammatory 

monitoring and recognizing the organism are used side by side. The identification of the 

IMI causing pathogen is usually performed directly by a bacteriological culture or by 

using a specific PCR kit, which detects DNA of known mastitis pathogens if they are 

present in the milk sample. Indirect tools to access the ongoing inflammatory process in 

the udder are elevated somatic cell counts, increase in electric conductivity, elevation in 

milk enzyme, such as LDH, levels, and decrease in concentration of fat, lactose and casein 

in milk (NMC 2017).  

Cow-level detection of mastitis starts with an elaborate physical examination for 

example after milking (NMC 2017). The udder is palpated for any asymmetry, swelling 

or pain, which could indicate acute mastitis or chronic changes. Forestripping, which 

means examination of the milk before the actual milking, is highly recommended for 

early detection of changes in the milk appearance (NMC 2017). In principle, AMS should 

perform this foremilk examination automatically. However, currently the strict foremilk 

is discarded in AMS (Khatun 2019) and the foremilk screening is inadequate. Visual 

examination of the milk is preferrable especially during the susceptible first days of 

lactation. It is shown that in addition to the early detection of CM, forestripping 

improves milk quality as foremilk contains more somatic cells and bacteria (Giuliani dos 

Santos et al. 2022). None of these noticeable changes occur in SCM, and therefore a 

diagnostic test, such as the California Mastitis Test, is needed. 
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2.3.1 Identification of the causative pathogen 
 

Currently, avoiding unnecessary antimicrobial use has become a shared aim all around 

the world because of the growing problem with antibiotic resistant bacteria. Therefore, 

mastitis treatment should base on accurate and specific information which includes the 

known causative pathogen. Bacteriological culture of milk samples is a commonly used 

diagnostic method in mastitis research (Fosgate et al. 2013, Dalen et al. 2019, Nørstebø 

et al. 2019). Milk samples can be taken from one quarter, or from all four quarters as a 

pooled sample. In a pooled four-quarter sample, the risk for contamination is higher. 

The sample is usually defined contaminated if three or more different bacterial species 

grow in the bacteriological culture. Dohoo et al. (2011) compared results from a single 

milk sample culture with culture results from a series of three milk samples. Results 

showed that a single milk sample works well to diagnose S. aureus (sensitivity 90 %, 

specificity >99%), but for example for non-aureus staphylococci sensitivity was 60 %, 

and for Streptococcus spp. and enterococci <50 % (Dohoo et al. 2011). For most bacteria, 

a single colony from a 10 µL milk sample is enough for diagnosis. However, for non-

aureus staphylococci, at least two growing colonies are required for diagnosis (Dohoo et 

al. 2011). According to Keane et al. (2013), 27–50 % of cultured milk samples come back 

as “no growth”, which makes the method a bit tricky in daily practice. 

Another method for identification of mastitis pathogens is PCR analysis of milk samples. 

PCR analysis is a molecular method which is based on a special laboratory kit that 

detects DNA of known mastitis pathogens in milk samples (Keane et al. 2013). In Finland 

PCR analysis is the most common method and carried out in the laboratory of the 

leading dairy processor and a couple of other commercial laboratories (Rajala-Schultz et 

al. 2021). The panel currently in routine use in Finland, Thermo ScientificTM 

PathoProofTM Complete-16 Kit, identifies 15 common mastitis pathogen species, 

including bacteria, yeast, and alga Prototheca, and also Staphylococcal β-lactamase gene, 

which indicates resistance to a commonly used antibiotic penicillin (Hiitiö 2018).  

Studies have shown that PCR detects pathogens in over 70 % of culture-negative CM 

milk samples (Koskinen et al. 2010, Keane et al. 2013). One of the advantages of PCR is 

its speed. The pathogen will be recognized within 6 hours while bacteriological culture 
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takes from 24 to 48 hours (Koskinen et al. 2010, Keane et al. 2013). However, PCR is 

criticized because it detects parts of bacteria that may not be viable and able to cause 

disease (Keane et al. 2013). However, it is also an advantage that antibiotics or 

preservatives don’t interfere recognizing the pathogens. There is always a possibility 

that PCR kit lacks a potential but rare mastitis pathogen, in the same way as all mastitis 

pathogens don’t grow in regular culture circumstances. One of special selective media 

requiring pathogens is Mycoplasma bovis which is a major contagious pathogen (NMC 

2017), and recognizing it in milk sample is essential. Requirement of special media or 

additional testing of isolates is complex and labor intensive. In conclusion, the search for 

a perfect method of diagnosing mastitis still goes on.  

 

2.3.2 Indirect methods 
 

Mastitis causes several changes in the milk composition, and these changes are used as 

tools to recognize IMI indirectly. One of the most studied and utilized changes is an 

increase of somatic cells in mastitic milk. Inflammation of the tissue reduces the normal 

fat and lactose production, and therefore mastitic milk has also lower fat and lactose 

levels than normal milk (NMC 2017). Mastitis disturbs the osmotic balance in the 

mammary gland and in the so-called blood-milk barrier, leading to the leakage of 

enzymes from the blood stream into the milk. Some of these enzymes are known to 

break down milk proteins and lipids (NMC 2017). Most of the milk calcium is bound to 

protein casein, and therefore protein breakdown also leads to lower milk calcium levels 

(NMC 2017). The epithelial cells of the milk alveoli also leak Na+ and Cl- ions which 

increases electrical conductivity of the milk (Stelwagen and Singh 2014). Lastly, 

enzymes, such as N-acetyl-b-D-glucosaminidase (NAG), and L-lactate dehydrogenase 

concentrations (LDH) in milk have been shown to increase during mastitis (Pyörälä and 

Pyörälä 1997, Batavani et al. 2003). 
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2.3.2.1 Somatic cell count 
 

Somatic cells in the milk are cow’s own cells which transfer into the milk. Most of them 

are white blood cells, also known as leukocytes, which take part in infection defenses. 

White blood cells in the milk include neutrophils, macrophages, lymphocytes, 

eosinophils and erythrocytes, and they account for 75 % of the somatic cell number in 

the normal milk (Kehrli and Shuster 1994, Sharma et al. 2011). Other 25 % of somatic 

cells are epithelial cells which end up in the milk (Kehrli and Shuster 1994, Sharma et al. 

2011). In the healthy mammary gland, most of the somatic cells are macrophages (80 %) 

and lymphocytes (16 %), and there are only a few neutrophils (3 %) and epithelial cells 

(2 %) (Kehrli and Shuster 1994, Sharma et al. 2011).  

When the infection is caused by microorganisms that produce toxins and other tissue 

irritants, the udder tissue suffers from swelling and cell death (NMC 2017). This results 

in release of substances that increase mammary blood vessel permeability and 

facilitates the entry of polymorphonuclear neutrophilic leukocytes to the infected tissue 

(NMC 2017) which leads to a rapid increase of somatic cells in the tissue and further, in 

the milk. During CM, over 95% of the somatic cells in the milk are neutrophils (Kehrli 

and Shuster 1994). Respectively, colostrum, the first milk after calving, normally 

contains up to 62 % neutrophils (Sharma et al. 2011), which accounts for higher SCC 

values than in later lactation.  

Somatic cell count (SCC) is the number of somatic cells present in a milliliter of milk and 

is usually expressed in thousands. It is important to note that SCC can be expressed as a 

quarter-specific SCC, cow-specific SCC, or in the herd level as a bulk tank SCC. An old 

study (Eberhart et al. 1979) estimated that 50 % of healthy cows have SCC value less 

than 100 000 cells/ml, and 80 % under 200 000 cells/ml – colostrum is exception in 

that. A cow with SCC value of over 200 000 cells/ml is likely infected, and this value can 

thus be used as a threshold value for mastitis (Eberhart et al. 1979, Dohoo and Meek 

1982, IDF 2013). International Dairy Federation’s (IDF) “Guidelines for the use and 

interpretation of bovine milk SCC in the dairy industry” bulletin (2013) is considered as 

an international consensus statement on interpretation of milk SCC. IDF recommends 

that a single SCC value should never be used to determine the udder health status of an 

individual cow, as the status may vary within a day. At the quarter level, the 
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recommended threshold value is 100 000 cells/ml, and values below that indicate that 

quarter is unlikely infected. A quarter-level SCC is mostly used for research purposes.  

SCC is commonly used as an indicator of mastitis, and for example in Finland, it is 

connected to the milk pricing. Finnish dairy processors have agreed to a threshold value 

for excellent quality bulk milk of <250 000 cells/ml (calculated as a 3-month rolling 

geometric average in bulk tank milk), and in 2020, 96.9% of the milk produced in 

Finland was classified in that category (Finnish Association for Milk Hygiene 2021). 

However, the national systems are not completely comparable due to different methods 

used, but in general, the European Union has stricter standards compared to the United 

States (Norman et al. 2011). It is important to note that even a small percentage of cows 

can possibly elevate the bulk tank SCC dramatically in small herds as an infected quarter 

can have SCC of tens of millions cells/ml.  

SCC is a valuable tool to identify herd problems caused by mastitis. However, SCC has its 

own issues representing mastitis status of an individual cow. There are major mastitis 

pathogens, such as Escherichia coli, which can multiply so fast that cow’s immune system 

doesn’t have time to react, and SCC in milk possibly doesn’t elevate at all (Blowey and 

Edmondson 2010). However, SCC always has a delay of 12 to 24 hours after the initial 

infection before the neutrophil invasion is noticed in milk (NMC 2017). After 

antimicrobial treatment, the rate of SCC recovering to its normal level depends on 

mastitis organism and on the amount of tissue damage. There are mostly old studies 

available about the recovery phase, and they suggest that SCC returns to its normal level 

within 3 weeks (Schultz 1977, Pyörälä 1988), but the length of the recovery phase is 

affected by many factors, such as severity of infection, pharmacology of the drug, 

treatment length, causative pathogen and immunity of the individual cow. In addition, 

colostrum, the first milk after calving, naturally contains a higher number of somatic 

cells. Bonestroo et al. (2021) studied SCC recovery using milk diversion information and 

AMS sensor data and resulted in a cut-off point of 3 to 4 weeks after initial inflammation 

to differentiate between chronic and recovered mastitis cases. According to Nørstebø et 

al. (2019) SCC may have a greater physiological variation than has been expected, 

because much of the variation in OCC was not explained by the variables studied. In that 

study, all CM cases were excluded, and SCC was calculated with online cell counter in 

AMS.  
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2.3.2.1.1 Methods for counting somatic cell count 
 

The California Mastitis Test (CMT) is the most used and traditional commercial cow-side 

test for estimation of the milk somatic cell content by evaluating the gel formation of the 

milk (Schalm and Noorlander 1957). In addition, CMT changes color based on milk pH 

which makes comparison of the quarters easier. Deep purple color indicate change to 

alkaline direction (pH > 6,8) and so mastitis (Holtgrew-Bohling 2011). CMT is an easy-

to-use and very affordable test for daily use. Correlation of CMT and intramammary 

infection has been reported during past decades (Maunsell et al. 1999, Sargeant et al. 

2001). Automated methods for monitoring the inflammatory process have been 

developed to replace CMT in automatic milking systems. However, Fosgate et al. (2013) 

showed that the diagnostic performance of CMT is still corresponding to electrical 

conductivity which is introduced as quarter-specific automatic milking system tool and 

is integrated in most milking robots today. Thus, CMT still has its role in modern 

automated farms when diagnostic cow-side test is needed, and the cow can’t be taken to 

a milking robot for one reason or another. However, CMT’s disadvantage is the 

challenging and inaccurate interpretation in lower (<400 000 cells/ml) SCC, and 

therefore it is mainly used for diagnosing CM. 

The reference method for counting SCC is direct microscopic somatic cell counting 

(DMSC) (IDF 2013). In DMSC, methylene blue or ethidium bromide stains are used, and a 

professional technician counts the cells microscopically. DMSC method is currently 

infrequently used as it is time-consuming, and the possibility for significant errors 

exists. However, the most commonly used and the only ISO standardized method (ISO 

13366-2|IDF 148-2:2006) for SCC counting is fluoro-opto-electronic counting (FOE) 

(IDF 2013). As a rule, DHI laboratories are ISO compliant. In this method, the somatic 

cell DNA is dyed with fluorescent dye, and the nucleoli are counted using flow cytometry 

or disk cytometry while the cells move through a stimulating light beam. FOE is a fast 

and inexpensive method and is suitable for counting large number of samples (IDF 

2013). 

Pilla et al. (2013) showed the third significant research method, differential 

inflammatory cell counting (DCC), which is a more precise method than DMSC as it 

shows changes in relative cell proportions even when SCC is low. DCC rests on antibody 
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staining and typically on flow cytometry (IDF 2013). Kirkeby et al. (2020) showed that 

DCC adds significant information to mastitis status even when SCC is known. At the 

moment, utilizing of DCC is possible as already two machines are commercially 

available, and future studies may address how DCC will be used (Halasa and Kirkeby 

2020).  

Performance of SCC as diagnostic test depends on the threshold value used. Nyman et al. 

(2016) calculated the best sensitivity of 78.6 and specificity of 75.5 when the cow-level 

threshold value for mastitis was calculated approximately between 74 000 and 120 000 

cells/ml. In that study, SCC values were compared to quarter-specific bacteriological 

analyses, as bacteriological culture was chosen the golden standard. However, Nyman et 

al. (2016) underline that this low threshold value seems optimal from a herd health and 

management point of view rather than a clinical cow-level. In the study, SCC was 

analyzed in Swedish DHI laboratory using ISO standardized FOE method.   

At the moment, the development of AMS sensors for diagnosing mastitis as accurately as 

possible is taking big steps. The International Standard Organization (ISO) has 

formulated the international standard ISO/FDIS 20966:2007 (Automatic milking 

installations – requirements and testing) including annex describing a minimum 

sensitivity of 80% combined with a specificity better than 99% (i.e. less than 1 false alert 

per 100 milkings) for mastitis diagnosing sensors in AMS. All AMS manufacturers try to 

generate better and better tools to fulfill this criterion. One of these sensors is the 

DeLaval Online Cell Counter (DeLaval, Tumba, Sweden) which can be integrated in the 

DeLaval VMSTM milking robot, and it provides online cell counts (OCC) from every 

milking at cow level. According to Dalen et al. (2019) and Hogeveen et al. (2021), 

DeLaval sensor uses staining and direct optical counting of somatic cells with 

fluorescence for measuring OCC. 

Nørstebø et al. (2019) studied OCC’s repeatability and correlation with Norwegian DHI 

laboratory SCC with relatively good results. They calculated concordance correlation 

coefficient (CCC) of 0.82 and coefficient of variation (CV) 0.11 between SCC measured by 

the OCC and SCC as measured in a DHI laboratory. The results are good for an on-farm 

testing as the point of reference was the official DHI laboratory. However, manufacturer 

of the DHI SCC counter used reports CV of ≤0,06 (Nørstebø et al. 2019). Other two 

commercially available sensors count SCC indirectly evaluating milk viscosity by 
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measuring the flowing milk or based on gel formation of milk (Hogeveen et al. 2021). 

Lely Industries N.V. (Maassluis, the Netherlands) has online CMT sensor in their Lely 

Astronaut Milk Quality ControlTM (MQC-C) system, but it hasn’t yet shown good 

correlation with DHI systems (Deng et al. 2020). 

There are many SCC based algorithms which try to make SCC easier to interpret. One of 

them is the elevated mastitis risk (EMR). EMR parameterizes the raw OCC values into an 

EMR indicator and ranges from 0 to 1. Higher EMR values indicate an elevated risk for 

mastitis. (Sørensen et al. 2016) EMR simplifies the OCC curve while also important 

information is cut out. Therefore the diagnostic test properties of the EMR are low and 

should only be used alongside other methods (Dalen 2019). 

 

2.3.2.1.2 Factors affecting somatic cell count 

 

SCC is primarily used to distinguish cows with intramammary infection from uninfected 

cows. After infection status, one of the most important factors affecting milk SCC is 

dilution effect, which means that SCC seems high when cow produces less milk. In other 

words, there are as many somatic cells as normally, but the concentration per ml milk is 

higher. Dilution effect is seen at calving and in the end of lactation (IDF 2013), and 

whenever the cow goes off feed for other reasons.  

In case of mastitis, a significant factor affecting SCC level is the type of mastitis organism. 

Contagious bacteria are most likely to cause subclinical mastitis (NMC 2017) and 

therefore a lower cow SCC. However, significantly high SCC is seen in contagious 

Streptococcus agalactiae (Malinowski et al. 2006) which is a special case among 

contagious mastitis pathogens. However, up to 21 % of S. agalactiae positive cows have 

SCC <200 000 cells/ml so it is not a reliable indicator alone (Mahmmod et al. 2015). 

Alongside a contagious Staphylococcus aureus, environmental non-aureus staphylococci 

are the most common causative agents for subclinical mastitis (Malinowski et al. 2006). 

Haas et al. (2004) showed a typical SCC pattern for S. aureus, where SCC increases slowly 

during the lactation, and no recovery is seen.  
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Pathogens are usually divided in minor and major mastitis pathogens according to the 

severity of the infection they generally cause. Some environmental pathogens, such as 

non-aureus staphylococci and Corynebacterium bovis, cause the mildest SCC increase 

among all mastitis pathogens (Malinowski et al. 2006) and are therefore called minor 

pathogens. However, another environmental bacteria, E. coli, can cause various immune 

responses. Haas et al. (2004) showed that a quick increase and recovery SCC pattern is 

the most typical for a clinical E. coli mastitis. In E. coli case SCC can increase up to 

20 000 000 cells/ml within 4 hours (Blowey and Edmondson 2010). However, in 

peracute cases, an E. coli cow can die without any immune response and change in SCC 

levels at all, which can happen particularly in the first week of lactation which is 

susceptible period for cow’s immune system and therefore their defense mechanism 

may not be working right (Blowey and Edmondson 2010).  

Parity doesn’t have a significant influence on SCC in healthy cows, but parity affects by a 

greater likelihood of exposure to pathogens and that way also experienced mastitis in 

previous lactations (NMC 2017). Nørstebø et al. (2019) showed a significant correlation 

between parity and OCC when subclinical mastitis cases were included. According to 

Blowey and Edmondson (2010), in herds that have a S. aureus problem, older cows tend 

to have higher SCC levels. This is because of a longer exposure period, possibly damaged 

teat canals, and a stronger immune response. According to Blowey and Edmondson 

(2010), older cows having a higher SCC compared to first lactation heifers is especially 

characteristic of S. aureus and wouldn’t be seen in other cases. 

Nørstebø et al. (2019) made an intriguing observation on how much OCC of the previous 

cow milked in the same AMS actually affects the next cow’s calculations. The so-called 

residual milk was minimized in the trial by adjusting the AMS settings, but still the effect 

was significant. In their study, also milking interval had a significant increasing effect in 

OCC. However, they had some difficulties in combining milking interval with other 

parameters. According to Blowey and Edmondson (2010), this is at least partly based on 

the difference in milk yields among different milkings and therefore the dilution effect. 

Day-to-day variation in SCC is greater in infected than uninfected cows and therefore 

infection status should be determined based on a series of counts (IDF 2013). Irregular 

milking intervals are typical for AMS and result in lower SCC in high-producing cows and 

vice versa (IDF 2013). 
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Nørstebø et al. (2019) also studied genetic part of OCC especially in Norwegian red 

breed. In their study, the genetic group had almost as big a role in explaining the OCC 

variation as the mastitis status has. Heritability estimates of SCC among different papers 

are from 10 to 30 %, and SCC has been part of breeding programs in most countries 

since 1990s (IDF 2013).  

SCC has seasonal variation (IDF 2013) and it is seen especially in pasturing herds as 

higher SCC in the summer compared to winter (Blowey and Edmondson 2010). 

Temperature-curve-following SCC increase and production loss are observed in many 

regions and are largely attributed to the effects of heat stress on dairy cattle (Tao et al. 

2018). According to Riekerink et al. (2007), bulk tank milk SCC peaked from August to 

September in Dutch herds. They also showed that incidence rate for CM was highest 

from December to January (Riekerink et al. 2007). A Canadian study (Shock et al. 2015) 

showed that odds for medium to high summer increase of bulk tank SCC increases as 

herd size decreases. Management and nutrition play a role in seasonal SCC variation, but 

heat stress is, no doubt, an increasing issue in dairy production. In addition, in 

seasonally calving herds, for example in New-Zealand, different SCC patterns are typical, 

and herd SCC increases as most cows are towards the end of lactation (Blowey and 

Edmondson 2010). 

In addition to heat stress, any other stress has reported to increase SCC. Increasing 

factors for SCC can be isolation, oestrus or any other agitation, commingling which 

means mixing herds, overmilking, and even a weather change or earthquake (IDF 2013). 

Stress affects milk SCC by increasing the number of white blood cells in blood and 

reducing milk yield (Blowey & Edmondson 2010), but only a few published papers have 

managed to show any significant changes in healthy cows (IDF 2013). Recent studies 

(Nørstebø et al. 2019) have highlighted the significant normal variation in SCC which 

encourages the search for new biomarkers of bovine mastitis. A lot of physiological 

processes that we still don’t know happen in the udder, and thus we need to gain 

knowledge to accurately distinguish pathological changes. 
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2.3.2.2 Electrical conductivity 
 

Electrical conductivity (EC) of milk is the earliest automated application to diagnose 

mastitis within in-line milking machine systems. EC rests on increasing anion and cation, 

especially Na+ and Cl-, concentrations in the mammary gland during mastitis (Norberg et 

al. 2004). According to Stelwagen and Singh (2014), in normal situation, Na+ and Cl- are 

dissolved at a lower concentration in milk compared with blood serum. During 

inflammation, damage of the epithelial cells in the mammary tissue makes tight 

junctions more permeable to ions, resulting in higher concentration of Na+ and Cl- ions 

in mastitis milk. (Stelwagen and Singh 2014)  

Na+ and Cl- ions conduct electricity which basically means that infected quarters have 

higher EC values than healthy quarters. Additionally, lactose and milk proteins increase 

milk viscosity. Because inflamed mammary gland is unable to produce these normal 

milk components, milk viscosity decreases which also increases mastitis milk EC 

(Henningsson et al. 2005). According to a New Zealand review (Penry 2018), a weakness 

of EC rests on different EC in cisternal and alveolar milk. Cisternal milk is the milk that 

has drained into the udder cistern before the milk let-down. Milk EC is significantly 

higher in cisternal milk compared to alveolar milk, and EC would be more reliable if it 

could be measured in cisternal milk. Nevertheless, alveolar milk flows into the cistern 

and mixes with cisternal milk during the milk let-down already approximately 40 

seconds after machine touches the udder (Penry 2018) which makes EC testing 

unreliable in automatic milking system.  

Mathematical algorithms can be used to increase the specificity and sensitivity of EC by 

taking into account other data and previous readings (IDF 2013). EC is commonly used 

as the only quarter-specific mastitis interpretation tool connected to AMS. However, 

Fosgate et al. (2013) showed that diagnostic performance of EC is inferior to 

conventional cow-side test CMT. A South African study (Fosgate et al. 2013) calculated 

milk EC sensitivity of 90% and specificity of 87% in detecting mastitis. In this study, a 

mastitis case was defined as a cow-specific SCC of >200 000 cells/ml and contemporary 

isolation of a bacterial pathogen. In summary, EC as well as CMT can be used alongside 

cow-specific SCC to define which quarter is infected and responsible for high SCC but 

can’t be used alone for IMI diagnosis. 
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2.3.2.3 L-lactate dehydrogenase 
 

Indigenous enzymes, such as L-lactate dehydrogenase (LDH), in milk have been 

suggested as cow-side indicators of mastitis for a long time (Pyörälä and Pyörälä 1997, 

Batavani et al. 2003). Many of the suggested enzymes have a large variation in 

concentration among different quarters in healthy cows (Åkerstedt et al. 2011). 

According to Åkerstedt et al. (2011), LDH has the lowest variation among different 

quarters and different cows and is therefore a reliable marker in cow composite milk 

samples. In addition, a commercial application for automated detection of LDH in the 

milk has been developed (Friggens et al. 2007). LDH is milk yield dependent (unit 

μmol/min per liter) so the dilution effect should be considered (Chagunda et al. 2006b). 

LDH is an enzyme which catalyzes the conversion of lactate to pyruvate, and it is found 

in cells’ cytoplasm all over the body. LDH’s activity increases during both experimentally 

induced (Larsen et al. 2010) and naturally occurring mastitis (Chagunda et al. 2006a, 

Hiss et al. 2007). According to Antanaitis et al. (2020), LDH is highly concentrated in the 

muscles, liver, heart, and kidneys, and it is released during an acute inflammation of 

these tissues. It is shown that even breed and season significantly influence milk LDH 

concentration (Chagunda et al. 2006a). According to Chagunda et al. (2006a), LDH levels 

rise immediately after calving and decrease to low levels approximately 30–40 days 

after calving. One reason for the slow decrease of LDH levels post partum is ketosis 

which is common in early-lactation-cows (McArt et al. 2012). It is shown that LDH works 

as a marker of hepatic steatosis (Pechova et al. 1997). 

However, LDH is not particularly specific for mastitis and therefore it performs 

diagnostically worse than SCC (Nyman et al. 2016). Nyman et al. (2016) showed a 

diagnostic sensitivity of 57% and specificity of 68% for LDH with bacteriological culture 

proved intramammary infection. In this study, LDH was adjusted for parity, days in milk, 

percentage of milk protein, milk urea concentration, and season (Nyman et al. 2016). 

Chagunda et al. (2006a) obtained a better diagnostic performance for LDH, but they only 

used clinical signs for mastitis diagnosis and therefore ruled out all subclinical cases. 

Batavani et al. (2007) studied blood serum and milk samples of subclinical mastitis cows 

and found significant concentration difference in milk LDH compared to healthy cows. 
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Their study showed that LDH may be higher in milk without influence of enzyme levels 

on blood serum (Batavani et al. 2007).  

 

2.3.2.4 Milk yield 
 

High SCC is associated with milk production loss. Bacteria, their produced toxins, and 

the presence of leukocytes in the affected mammary tissue may lead the milk-producing 

cells to revert to a resting state. Alveoli shrink in size, and hence milk production 

reduces. Tissue debris and leukocytes also clog ducts. Accumulating milk causes 

swelling, and alveoli revert to the resting state. If the situation is prolonged, for example 

due to a chronic S. aureus mastitis case, that even causes the development of scar tissue 

in the milk producing tissues. (NMC 2017) 

There is a significant association between increasing cow-level SCC and decreasing milk 

yield (NMC 2017). In North America, the National Dairy Herd Improvement Association 

(NDHIA) has adopted a logarithmic SCC scoring system which is used to calculate 

production losses in certain SCC levels. According to that system, already in SCC level of 

100 000 cells/ml, 91 kg milk per first lactation cow is lost during the lactation cycle of 

305 days due to mastitis (NMC 2017). In multiparous cows, which are expected to 

produce more milk, the loss is about twice that of first lactation cows. 

According to a Finnish study (Rajala-Schultz et al. 1999), clinical mastitis causes 1.8–7.4 

% reduction in milk yield depending on the parity and the stage of lactation. However, it 

is also shown that uninfected quarters to some extent compensate the production losses 

in infected quarters (NMC 2017). This compensation occurs in cows in the 2nd or greater 

lactations. According to DeGraves and Fetrow (1993), yield loss is greater when the 

infection occurs before the peak milk production. It is also shown that multiparous cows 

usually have a greater reduction in milk yield following clinical mastitis compared to 

first lactation cows. Clinical mastitis also shortens the lactation period. Infected quarters 

may not fully recover after mastitis which results in reduced milk production in the 

subsequent lactations. This carry-over effect is minor compared to the effect of CM. 

(DeGraves and Fetrow 1993)  



 

18 
 

3 MATERIALS AND METHODS 
 

This study used AMS data collected at the research herd at the Elora Dairy Research 

Center in Ontario, Canada, between April and November 2018, and weekly DHI data of 

whole year 2018. The farm had four different milking systems: rotary parlour, VMSTM 

robot, tie-stalls, and maternity. The bedding type was deep sand bedding, and the feed 

was corn silage based total mixed ration. According to the latest DHI report in 2018, 305 

days’ rolling average milk yield was 10 272 kg/cow, herd SCC 261 000 cells/ml, and 

number of cows in milk 224.  

AMS data were based on daily milkings of a DeLaval VMSTM milking robot (Inc. Tumba, 

Sweden). Studied milk parameters are presented in Figure 1. DHI SCC is usually 

measured monthly, but on this research farm the testing was done on a weekly basis. 

Online Cell CounterTM and Herd NavigatorTM (DeLaval, Tumba, Sweden) were 

accessories used for raw OCC and LDH data. Health notes in cow cards of each cow were 

used to determine their health status. ExcelTM (Microsoft Corp.) was used to gather the 

data and analyze it descriptively.  

 
Figure 1. Studied milk parameters. LDH data were available for 6 months, while other 
data covered the entire 7-month period.  

 

AMS data of 69 Holstein cows were available, but due to other ongoing trials and dry 

periods, 24 cows were finally selected based on sufficient amount of AMS data for the 

period of 7 months. The parity and health status distribution of the cows are 
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demonstrated in Table 1. Most of the cows selected (11/24) were 1st lactation cows. 

Based on cow card (CC) health notes, sixteen cows were defined healthy, later simply 

referred to as healthy cows, and nine cows were sick. Of all sick cows, five cows were 

defined lame based on CC during the study period. Lame cows had notes about hoof 

issues such as sole ulcer or white line disease. Two cows were classified as 

Staphylococcus aureus positive based on culture results from previous lactations, but 

they didn’t have any CC notes about mastitis during the lactation period studied. One 

cow had CM according to CC, and her culture result was “other Gram-negative bacteria” 

(Serratia, Citrobacter, Enterobacter, Pasteurella multocida, Pseudomonas, Proteus, etc.). 

One cow was both lame and positive for S. aureus, but in that case, the cow was only 

categorized by the S. aureus status. CC notes regarding fertility were excluded. 

S. aureus positive cows were on 3rd and 5th lactation, and the CM cow on 1st lactation. 

The data were fragmented, and therefore the one S. aureus positive cow and the CM cow 

were compared to the control group of ten cows during 74–142 days in milk (DIM), and 

the two S. aureus positive cows to the control group of thirteen cows during 120–132 

DIM. Both S. aureus positive cows had mean DHI SCC over 200 000 cells/ml during the 

study period, but no CC notes about mastitis so they were defined as subclinical cases. 

 

Table 1. Parity and health status distribution of the 24 cows studied.  
The mean parity of the cows was 2,08. 

  sick cows   
 

healthy cows lame S. aureus + CM in total 305-day 
milk yield 

1st 
lactation  

8 2 0 1 11 9 630 kg 

2nd 
lactation  

5 1 0 0 6 11 100 kg 

3 and 
more 

lactations  

3 2 2a 0 7 11 400 kg 

in total 16 5 2 1 24  

a One cow was lame and positive for S. aureus, but the data were handled as if the cow 
was only S. aureus positive.  
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4 RESULTS 

 

4.1 LDH decrease after calving 
 

1st lactation cows had the most AMS data available within 50 days after calving. LDH 

data after calving were analyzed in total from eight 1st lactation cows, three 2nd 

lactation cows and one 3rd lactation cow. No mastitis cows were included in this 

comparison. Summary information for these twelve cows is shown in Table 2. The ‘AMS 

data starting date’ varied between 3 and 41 DIM as the cows were not milked by the 

robot straight after calving. In 1st lactation cows, LDH level started high at calving and 

dropped to its normal level on average by 35 DIM (from 24 to 61 DIM). Based on the 

literature, ‘a healthy cow normal level’ was defined as daily mean value of 25.2 

μmol/min per litre (Chagunda et al. 2006a). ‘LDH-decrease to normal level’ was 

calculated so that the mean LDH over two consecutive days was <25.2 μmol/min per 

litre, and so LDH level could be considered normalized. 

Table 2. Calculated mean, min and max values of twelve 1st and 2nd lactation cows prior 
to 41 DIM.  

 
AMS data 
starting 

date (DIM) 

LDH 
(μmol/min 
per litre) 

OCC 
(1 000 

cells/ml) 

DHI SCC  
(1 000 

cells/ml) 

yield 
(kg/day) 

number of 
cows 

 
1st lactation  

 
22.5 

(min 3, 
max 41)  

 
34.9a 

(min 15,  
max 61)  

 
73.8 

(min 24,  
max 230)  

 
88.1 

(min 22,  
max 350)  

 
30.9 

(min 16,  
max 36)  

 
8 

2nd and more 
lactations  

19.5 
(min 8, 

max 25) 

19.0 
(min 15,  
max 27) 

52.9 
(min 41,  
max 80) 

43.7 
(min 21,  

max 100) 

47.5 
(min 41,  
max 55)  

4 

aLDH difference among the groups was prominent, but no statistical analysis was done 
because of the small sample size.  

 

Figure 2, Figure 3 and Table 3 show descriptive results of ten cows. Two 1st lactation 

cows were excluded in these results, because they didn’t have data prior to 40 DIM, but 

they had high LDH during 40–50 DIM and hence added value to the LDH decrease 

calculation. LDH was significantly higher after calving in primiparous cows compared to 
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multiparous cows (Figure 2). Daily milk yield differed between these two groups (Figure 

3). Mean DHI milk yield and SCC of these cows are presented in Table 3.  

For the six 1st lactation cows studied, ‘AMS data starting date’ varied between 3 and 28 

DIM, for three 2nd lactation cows, ‘AMS starting date’ varied between 8 and 24 DIM, and 

for one 3rd lactation cow, ‘AMS data starting date’ was 25 DIM. Statistical significance 

couldn’t be evaluated due to the small sample size.  

 
Figure 2. Daily mean LDH ± standard deviation (SD) as function of DIM. SD was not 
included in days that had too few values. Comparison between six 1st lactation cows 
(LDH 1) and four 2nd and 3rd lactation cows (LDH 2) during 3–38 DIM. The reference 
value for LDH (broken line) is 25.2 μmol/min per litre from (Chagunda et al. 2006a).  

 
Figure 3. Daily mean milk yield ± SD as function of DIM. SD was not included in days 
that had too few values. Comparison between six 1st lactation cows (Yield 1) and four 2nd 
and 3rd lactation cows (Yield 2) during 3–38 DIM.   
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Table 3. Mean, min and max daily milk yield and SCC of the same cows as in Figure 2 
and 3 during 3–38 DIM according to DHI system.  

 
milk yield 
(kg/day) 

DHI SCC 
(1 000 cells/ml) 

number of cows  

1st lactation  28.9 
(min 22, max 33)  

50.0 
(min 24, max 99)  

6 

2nd and 3rd lactation  44.0 
(min 38, max 52)  

45.1 
(min 27, max 89)  

4 

total mean 34.9 48.0 10 

 

 

4.2 Subclinical S. aureus cows 
 

A CM cow and a subclinical S. aureus cow had higher daily mean LDH than did healthy 

cows or lame cows (Figure 4). There was no notable difference in LDH between healthy 

cows and lame cows. Acute lameness was associated temporally with some sudden 

changes in LDH levels of individual cows, but on average, no differences were observed 

between the healthy and lame groups. LDH graph is shown in Figure 4, and mean daily 

milk yield, SCC, and parity of these same cows are shown in Table 4. The daily variation 

of LDH in these individual cows was substantial (Figure 4).  

 
Figure 4. Daily mean LDH as function of DIM. Comparison of one CM cow, one 
subclinical S. aureus cow, and the controls, six healthy cows and four lame cows, during 
74–141 DIM. CM cow was treated with intramammary antibiotics at 15 and 133 DIM. 
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Table 4. Mean daily milk yield, mean SCC, and mean parity of twelve cows during 74–
141 DIM based on DHI information.  

 
milk yield 
(kg/day) 

DHI SCC 
(1 000 cells/ml) 

parity number of cows  

CM 33.6 1 130 1 1 

S. aureus +   44.4 600 5 1 

lame cows 39.2 218 3 4 

healthy cows 36.3 107 1.4 6 

total mean 37.7 271 2.17 12 

 

The LDH peak in healthy cows during 116–119 DIM (Figure 4) was due to one 1st 

lactation cow that likely had a transient mastitis as shown in Figure 5. Although the data 

were fragmented, there was a notable peak in the EC of right front quarter (EC RF, 

Figure 5) compared to the other three quarters (EC other, Figure 5). Both OCC and LDH 

increased notably, and another subsequent peak was seen at 123 DIM. Normal daily 

variation of OCC was seen between 90 and 110 DIM. 

 

Figure 5. Daily mean OCC, LDH and EC of one healthy cow as function of DIM during 90–
140 DIM.  
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When two S. aureus positive cows were compared to a control group of twelve cows 

during 120–132 DIM, the average milk yield was higher in subclinical S. aureus cows 

than in other cows. The daily milk yield comparison is shown in Figure 6. The parity and 

health status distribution, together with DHI SCC and AMS LDH of the same cows, is 

gathered up in Table 5. The 1st lactation CM cow was excluded in the comparison.  

 

 

 
Figure 6. Daily mean milk yield of two S. aureus positive cows and control group of 
twelve cows during 120–132 DIM. The parity and health status distribution of these 
cows is in Table 5. 

 

 

Table 5. Parity and health status of the cows in Figure 6 during 120–132 DIM. Mean, 
min and max values of DHI SCC and LDH are calculated for these groups during the same 
period.  

 number of cows parity DHI SCC LDH 

S. aureus + 2 3, 5 470 
(min 310, max 630) 

 

26.9 
(min 16, max 38)  

healthy 8 1–3 164 
(min 24, max 650) 

 

26.0 
(min 11, max 58) 

 
lame 4 1, 3, 7 250 

(min 18, max 930) 
 

25.0 
(min 11, max 52) 

 
in total 14    
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4.3 Clinical mastitis case 
 

The data included one CM case of a 1st lactation cow. A milk sample of the cow’s left rear 

(LR) quarter was cultured two times during the year 2018, and the result was “other 

Gram-negative bacteria” (Serratia, Citrobacter, Enterobacter, Pasteurella multocida, 

Pseudomonas, Proteus, etc.). The cow was treated at both times, on March 19, 2018 (15 

DIM) and on July 15, 2018 (133 DIM), with a ceftiofur intramammary drug for lactating 

cows. There was no notable improvement, and the left rear quarter was finally dried off 

on September 11, 2018. Eventually, the cow was culled at the end of 2018 because of 

fertility issues. Because the data covered only one CM case, no conclusions can be made, 

but the graphs in Figure 7 and Figure 8 illustrate well the advantages of quarter specific 

EC and milk yield in visualizing clinical mastitis.  

 

 
Figure 7. Daily quarter-specific EC as function of DIM. The graph illustrates the 1st 
lactation CM cow 52–239 days after calving. The blue arrow illustrates the second 
antibiotic treatment at 133 DIM. Abbreviations LF, RF, LR and RR refer to different 
quarters: left front, right front, left rear and right rear quarter. Left rear quarter was 
infected by Gram-negative bacteria, and the quarter was dried off at 190 DIM.  
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Figure 8. Daily quarter-specific milk yield as function of DIM. The graph illustrates the 
same 1st lactation CM cow as in Figure 5. The blue arrow illustrates the second antibiotic 
treatment at 133 DIM. Abbreviations LF, RF, LR and RR refer to different quarters: left 
front, right front, left rear and right rear quarter. Left rear quarter was infected by Gram-
negative bacteria, and the quarter was dried off at 190 DIM. 

 

 

4.4 Milk parameters during peak production 
 

Most data were available during peak production 74–141 DIM (twelve cows). For 

comparison, periods in early (26–38 DIM, ten cows), and in later lactation (139–192 

DIM, five cows) were selected, but no notable differences were found among the three 

different lactation phases. Healthy cows typically had temporary peaks in their udder 

health parameters during lactation, but no reasons for them were found in CC. Some 

cows participated in other research trials in the tie stall wing of the barn and returned to 

AMS wing with higher LDH and SCC levels. This could be caused by stress, but the theory 

couldn’t be assessed thoroughly, because no data from the tie stall milking, except for 

DHI, were available.  
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5 DISCUSSION 

 

5.1 LDH units 
 

There is lot of variation among LDH units in different scientific publications. In most 

studies the unit is μmol/min per litre (Chagunda et al. 2006a, Friggens et al. 2007, 

Antanaitis et al. 2020) or U/l when analyzed by photometric methods at laboratory 

(Hiss et al. 2007, Åkerstedt et al. 2011). The unit can also be converted to μmol/min by 

dividing the raw value by by the milk yield from the individual milking to remove the 

volume variable (Jørgensen et al. 2016).  

Another issue applies to tenfold. Chagunda et al. (2006a) eventually resulted in a healthy 

cow mean value of 2.52 μmol/min per litre while in other studies (Friggens et al. 2007, 

Antanaitis et al. 2020) and in my results, LDH values varied between 15 and 60 

μmol/min per litre. In my results healthy cow mean value settled in approximately 25 

μmol/min per litre. Therefore, I made an assumption that the real value is tenfold as 

Chagunda et al. (2006a) also expressed LDH in graphs and hence I decided to express 

the ‘healthy cow normal level’ as 25.2 μmol/min per litre. However, this inconsistency 

should be clarified in following studies. 

 
5.2 Early lactation LDH 
 

I found that LDH levels were high in 1st lactation cows up to 34 days after calving. 

Results are supported by Antanaitis et al. (2020), who showed that LDH levels in fresh 

cows (until 40 DIM) are up to 39 % higher than LDH levels in cows during 45–65 DIM, 

and Chagunda et al. (2006a), who showed that LDH activity was elevated at calving, 

decreased rapidly, and reached normal levels 30 to 40 days after calving.  

Blood LDH has a positive correlation with β-hydroxybutyrate, non-esterified fatty acids, 

and malondialdehyde, which all indicate ketosis and oxidative stress in dairy cows (Li et 

al. 2016). Up to 43 % of dairy cows suffer from subclinical ketosis during 3–16 DIM 

(McArt et al. 2012). In addition to muscle damage caused by calving, high LDH after 
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calving could be due to subclinical ketosis. The primary etiology of ketosis and fatty liver 

syndrome is a negative energy balance (Herdt 2000). It has been known for a long time 

that cow’s immunological defense is impaired from 2 to 3 weeks before and after calving 

(Detilleux et al. 1995). During the susceptible period after calving, also called as 

periparturient period or periparturient immunosuppression, there can be multiple 

reasons why a cow does not eat as much as her milk production would require. This 

leads to a negative energy balance and ketosis, which further leads to higher LDH levels 

in blood, and hence in milk.  

I found a notable difference in early lactation LDH between 1st lactation and multiparous 

cows. According to my results, 1st lactation cows had the highest LDH concentrations 

during 3–38 DIM. Simultaneously a lot happens in a 1st lactation cow’s life: moving to 

another group, beginning of milk production, new feed, and recovering from calving. 

Energy is still required for growing, so there would be a reason for a high subclinical 

ketosis prevalence in 1st lactation cows. However, according to Vanholder et al. (2015), 

the risk for subclinical ketosis is higher in multiparous cows compared to 1st lactation 

cows probably due to a higher milk yield. Fatty liver, which is associated with ketosis, is 

reported to be most common in older cows (Bobe et al. 2004).  

Controversially to my results, Antanaitis et al. (2020) found that the overall LDH 

concentration increased alongside the parity, and therefore fresh cow LDH was 67 % 

higher in multiparous cows compared to LDH of 1st lactation cows. The data of 

Antanaitis et al. (2020) included 378 cows, and also a statistical analysis was carried out. 

I had a lot smaller sample size of 25 cows and the data were fragmented, which makes it 

more difficult to make reliable conclusions. However, cows in this research herd are 

often on different feeding trials, and it could possibly have led to a higher prevalence of 

subclinical ketosis in 1st lactation cows compared to what is usually seen in other herds. 

Antanaitis et al. (2020) didn’t provide parity distribution or information about the 

herd/herds included which raises a question about the reliability. Mastitis status was 

not defined, and mastitis can also be reason for higher LDH levels in older cows 

compared to 1st lactation cows. However, my data within 40 DIM were mostly available 

from 1st lactation cows so multiparous cows couldn’t be compared thoroughly. 

Dilution effect is commonly recognized phenomenon with SCC (IDF 2013). It is clear that 

1st lactation cows produce less milk than multiparous cows and my results are in line 
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with that. This raises question about significance of the dilution effect with LDH. 

Possible LDH dilution effect is discussed by Chagunda et al. (2006b) and Aydogdu and 

Guzelbektes (2018). Therefore, it is most likely that the difference in LDH between 1st 

and multiparous cows in my results is caused by the dilution effect rather than a higher 

prevalence of subclinical ketosis in this research herd. 

 

5.3 Factors affecting AMS parameters 
 

My results show that LDH is higher in subclinical S. aureus cows and CM cows compared 

to lame and healthy cows. This is in line with other studies that speak for LDH as a 

reliable mastitis indicator (Chagunda et al. 2006a, Hiss et al. 2007, Larsen et al. 2010). 

According to Batavani et al. (2007), milk LDH of subclinical mastitis cows is significantly 

higher compared to healthy cows without an obvious influence on enzyme levels on 

blood serum. This finding is in line with my results, that showed a notable difference in 

LDH of healthy cows and subclinical S. aureus cows. It is possible that we still don’t know 

exactly how LDH works in the udder.  

I didn’t find difference in mean LDH levels of lame cows compared to healthy cows. 

However, acute lameness did explain some sudden changes in LDH on individual cow 

level, but there were also many clear and sudden peaks that missed out on causes, but 

cows are not under so precise observation that every happening would have been 

written down in the cow cards and there are also many transilient mastitis cases that 

cure by themselves (Taponen 2008). LDH indicates inflammation of many different 

tissues (Antanaitis et al. 2020), and it is possible that all those peaks could be explained 

by other events, such as slipping and straining, or any pain attack. Another possibility is 

that as well as SCC (Nørstebø et al. 2019), also LDH has physiological variation that we 

still don’t understand. Further research with larger sample sizes and more precise 

observation of cows is needed for better knowledge about factors affecting LDH. 

According to Chagunda et al. (2006a), LDH and SCC correlate best during mastitis. 

Notable day-to-day variation of individual cow SCC is seen in Figure 5 between 90 and 

110 DIM. According to Åkerstedt et al. (2011), LDH is reliable when it comes to daily 

variation. However, looking at Figure 4 and daily mean LDH values of mastitis cows, 
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daily variation of LDH is substantial, too. In conclusion, combination of SCC and LDH 

would be a good tool for distinguish between the actual mastitis cases and daily 

variation of SCC. Single LDH peaks could be explained by other events such as slipping, 

other disease etc. However, daily variation of LDH must be acknowledged, too. 

 

5.4 Subclinical S. aureus in high-yielding cows 
 

I found that the average milk yield was higher in subclinical S. aureus cows, later simply 

referred to as the S. aureus cows, than in other cows. The comparison graph is shown in 

Figure 6. The S. aureus cows were on their 3rd and 5th lactation so it’s clear that they are 

producing more milk compared to 1st lactation cows. However, these two cows are 

among the most yielding cows in the data despite the previous S. aureus positive culture 

result and mean DHI SCC over 200 000 cell/ml (Eberhart et al. 1979, Dohoo and Meek 

1982, IDF 2013) during the study period. Thus, according to NDHIA SCC scoring system, 

the cows are both producing approximately 800 kg less milk than they would healthy 

produce during the 305 days lactation period (NMC 2017). 

According to a broad review by Ingvartsen et al. (2003), it is unquestionable that the 

milk yield has a clear relationship with the risk of infection. According to Blowey and 

Edmondson (2010), the teat sphincter muscle is the most important muscle in mastitis 

control. The smooth muscle both closes the teat canal and shortens the whole teat after 

milking so the teat is less prone to physical trauma (Blowey and Edmondson 2010). In 

addition, the teat canal is lined with a protective cuboidal epithelium that blocks the 

cells and prevents the bacteria invasion (Blowey and Edmondson 2010). High milk yield 

disrupts the both defense mechanisms of cow teat: the teat sphincter muscle and the 

teat canal keratin layer (Ingvartsen et al. 2003). Old studies, Schultze and Bramley 

(1985) and Capuco et al. (1992), show that experimental disruption of the teat duct 

keratin layer increases the risk for intramammary infection. However, it is clear that any 

picking at the sensitive teat canal area is likely to expose the quarter to infection. 

According to Ingvartsen et al. (2003), larger milk volume increases the milking time and 

is therefore likely to cause damage to the sphincter muscle. Ingvartsen et al. (2003) also 
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suggest that larger milk volume may wash out more the bacteriostatic keratin layer of 

the teat canal.  

However, it’s very likely that the high yield of my S. aureus cows is explained by the 

selection bias. Less producing S. aureus cows are likely to be culled. High producing 

cows are more likely to be kept in herd despite their subclinical S. aureus and therefore 

it seems to us that S. aureus cows produce most milk. Even though milk yield has a 

relationship with the risk of infection, no conclusions can be made on account of my 

results. 

 

5.5 Future studies 
 

Getting a good, annotated dataset for this kind of work is challenging. To reliably assess 

factors affecting LDH, precise observation of cows is essential. For example, slipping and 

muscle strains would be interesting events as LDH is highly concentrated in the muscles, 

liver, heart, and kidneys, and indicates inflammation of these tissues (Antanaitis et al. 

2020). Working with the set data from the research farm was difficult, because cows 

also attended other trials and therefore AMS data was fragmented. In addition, for 

reliably analyze mastitis cases, daily observation of abnormal milk and active culturing 

of abnormal milk samples is important. In my dataset, I was able to recognize transilient 

mastitis cases which were not reported, and cows were defined ‘healthy’ according to CC 

health notes. CC data is not enough for this kind of work in the future, but more precise 

observation is needed.  

  



 

32 
 

6 CONCLUSIONS AND RECOMMENDATIONS 
 

The objective of this study was to describe selected parameters from AMS data during 

lactation and compare them to health notes in cow cards. Assessing the reliability of this 

study is difficult because of the small sample size and fragmented data, but the findings 

should be considered as suggestions for further research.  

Huge amount of data are available from a milking robot, and it should definitely be used 

to recognize and control mastitis at farms. DHI SCC is representative at herd-level, but in 

individual cows the benefit varies, mostly because the day-to-day variating character of 

SCC. In addition, DHI is only conducted weekly or monthly. Therefore, in order to 

understand mastitis status of an individual cow, SCC-based sensor in AMS is essential. 

However, SCC variates a lot daily, and it shouldn’t be constantly stared at. Only the 

average trend is meaningful. Not to mention the current treatment recommendations 

that encourages to patience in antimicrobial use. A significant number of subclinical 

mastitis cases cure by themselves in 4 weeks (Taponen 2008).  

One answer in daily variation of SCC is LDH that variates less. LDH and SCC correlate 

best during mastitis (Chagunda et al. 2006a) so comparing with LDH tells more about 

the relevance of SCC values. If LDH will be used in daily practice, the dilution effect must 

be acknowledged. The second notice applies to first 4 to 6 weeks after calving. LDH stays 

high on average until 35 days but in many cows decrease took longer. Therefore, LDH 

shouldn’t be used to diagnose mastitis during periparturient period. It’s still unclear 

what exactly causes the high LDH after calving, but negative energy balance and ketosis 

probably have a role in it.  

What it comes to diagnosing mastitis in AMS, farmers have become skilled in separating 

AMS mastitis false alerts and alerts that need action. My study doesn’t give any easy 

answers for that. However, continuous daily tasks regarding interpretation of AMS 

alerts, tasks that could be automated, frustrate farmers, and more reliable mastitis 

diagnosing systems are definitely needed.  
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